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current cognitive state of a second person. Information representative of the estimates of the current cognitive
states of the first person and the second person is simultaneously rendered on a display device.
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(57) ABSTRACT 
A system and method are provided for facilitating workload 
management. The system processes ?rst sensor data to esti 
mate the current cognitive state of a ?rst person, and pro 
cesses second sensor data to estimate the current cognitive 
state of a second person. Information representative of the 
estimates of the current cognitive states of the ?rst person and 
the second person is simultaneously rendered on a display 
device. 
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WORKLOAD MANAGEMENT SYSTEM AND 
METHOD 
PRIORITY CLAIMS 
This application claims the bene?t of US. Provisional 
Application No. 61/386,784 ?led Sep. 27, 2010. 
TECHNICAL FIELD 
The present invention generally relates to aircraft ?ight 
crew workload sharing, and more particularly relates to a 
system and method for obj ectively determining the cognitive 
states of a multi-pilot crew and providing management solu 
tions for sharing the workload amongst the crew. 
BACKGROUND 
Many aircraft include two-pilot ?ight crews. In many 
instances one pilot is referred to as the “pilot ?ying” (PF) and 
the other pilot is referred to as the “pilot monitoring” (PM). 
No matter the particular nomenclature used, the relative 
workloads of the PF and the PM are often asymmetric. Like 
wise, the experience levels of the two pilots may be asym 
metric. There are instances in which the PM could reduce the 
workload of the PF, or vice versa, by assuming greater task 
responsibilities during high workload periods. Some airlines 
have instituted policies to alleviate the potential impact asso 
ciated with asymmetric workloads. Typically, such policies 
are not automated and rely on explicit, albeit subjective, cri 
teria to determine when one pilot should o?ioad some tasks to 
the other. 
Although the above-mentioned policies are workable and 
generally provide desired results, there is room for improve 
ment. This is because there is evidence that some pilots, due 
to airline culture, authority hierarchies, cultural differences, 
personality, or other factors, may be reluctant to acknowledge 
that they are overloaded or fatigued. Moreover, pilots may 
simply not notice that the other pilot has become overloaded. 
Thus, the pilots forego a reallocation of tasks that could 
maintain a more optimal workload balance between the 
pilots. 
Hence, there is a need for a system and method to objec 
tively determine the workload and fatigue states of multi-pilot 
crews, notify the pilots, and recommend task sharing and/or 
automate lower order tasks, as needed. The present invention 
addresses at least this need. 
Furthermore, other desirable features and characteristics of 
the present invention will become apparent from the subse 
quent detailed description, taken in conjunction with the 
accompanying drawings and this background. 
BRIEF SUMMARY 
In one embodiment, a method for facilitating workload 
management among a plurality of persons includes process 
ing ?rst sensor data to estimate current cognitive state of a ?rst 
person, processing second sensor data to estimate current 
cognitive state of a second person, and simultaneously ren 
dering, on a display device, information representative of the 
estimates of the current cognitive states of the ?rst person and 
the second person. 
In another embodiment, a workload management system 
includes a display device, a ?rst plurality of cognitive sensors, 
a second plurality of cognitive sensors, and a processor. The 
display device is con?gured to render images. Each of the ?rst 
plurality of cognitive sensors is con?gured to sense a param 
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eter representative of ?rst cognitive level and supply ?rst 
sensor data representative thereof. Each of the second plural 
ity of cognitive sensors is con?gured to sense a parameter 
representative of second cognitive level and supply second 
sensor data representative thereof. The processor is in oper 
able communication with the display device and is coupled to 
receive the ?rst sensor data and the second sensor data. The 
processor is con?gured, upon receipt of the ?rst and second 
sensor data, to estimate current cognitive states of a ?rst 
person and of a second person and command the display 
device to simultaneously render information representative of 
the estimates of the current cognitive states of the ?rst person 
and the second person. 
In yet another embodiment, a ?ight crew workload man 
agement system includes a display device, a ?rst plurality of 
workload sensors, a second plurality of workload sensors, an 
aircraft mission data source, and a processor. The display 
device is con?gured to render images. Each of the ?rst plu 
rality of workload sensors is con?gured to sense a parameter 
representative of ?rst pilot workload level and supply ?rst 
sensor data representative thereof. Each of the second plural 
ity of workload sensors is con?gured to sense a parameter 
representative of second pilot workload level and supply sec 
ond sensor data representative thereof. The aircraft mission 
data source is con?gured to supply data representative of 
current aircraft mission. The processor is in operable com 
munication with the display device and is coupled to receive 
the ?rst sensor data, the second sensor data, and the aircraft 
mission data. The processor is con?gured, upon receipt of 
these data, to estimate current workload states of a ?rst pilot 
and of a second pilot, estimate current task loads of the ?rst 
and second pilots, estimate imminent task loading of the ?rst 
and second pilot, compare the estimates of the current task 
loads of the ?rst and second pilots, compare the estimates of 
the imminent task loading of the ?rst and second pilots, 
selectively generate task sharing recommendations based on 
the comparison of the estimates of the current task loads and 
the comparison of the imminent task loadings, and command 
the display device to simultaneously render information rep 
resentative of the estimates of the current workload states of 
the ?rst pilot and the second pilot, and the selectively gener 
ated task sharing recommendations. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will hereinafter be described in con 
junction with the following drawing ?gures, wherein like 
numerals denote like elements, and wherein: 
FIG. 1 depicts a functional block diagram of an example 
embodiment of a ?ight crew workload management system; 
FIGS. 2-4 depict examples of how a display device may 
simultaneously render the workload of two pilots; 
FIG. 5 depicts an example logic diagram for generating 
alerts; and 
FIG. 6 depicts a process, in ?owchart form, that may be 
implemented in the ?ight crew workload management system 
of FIG. 1. 
DETAILED DESCRIPTION 
The following detailed description is merely exemplary in 
nature and is not intended to limit the invention or the appli 
cation and uses of the invention. As used herein, the word 
“exemplary” means “serving as an example, instance, or 
illustration.” Thus, any embodiment described herein as 
“exemplary” is not necessarily to be construed as preferred or 
advantageous over other embodiments. All of the embodi 
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ments described herein are exemplary embodiments provided 
to enable persons skilled in the art to make or use the inven 
tion and not to limit the scope of the invention which is 
de?ned by the claims. Furthermore, there is no intention to be 
bound by any expressed or implied theory presented in the 
preceding technical ?eld, background, brief summary, or the 
following detailed description. In this regard, although sys 
tems and methods are described herein in the context of an 
aircraft and an aircraft ?ight deck, the systems and methods 
could be implemented in numerous other end-use environ 
ments. 
FIG. 1 depicts a functional block diagram of an example 
embodiment of a ?ight crew workload management system 
100. The depicted system 100 includes at least a processor 
102, a display device 104, an aircraft mission data source 109, 
and a plurality of sensors 106, which include a plurality of 
pilot sensors 106-1, and a plurality of co-pilot sensors 106-2. 
The processor 102 is in operable communication with the 
display device 104 and the sensors 106. The processor 102 is 
coupled to receive various types of data from the sensors 106, 
and may be implemented using any one (or a plurality) of 
numerous known general-purpose microprocessors or appli 
cation speci?c processor(s) that operates in response to pro 
gram instructions. In the depicted embodiment, the processor 
102 includes on-board RAM (random access memory) 103, 
and on-board ROM (read only memory) 105. The program 
instructions that control the processor 102 may be stored in 
either or both the RAM 103 and the ROM 105. For example, 
the operating system software may be stored in the ROM 105, 
whereas various operating mode software routines and vari 
ous operational parameters may be stored in the RAM 103. It 
will be appreciated that this is merely exemplary of one 
scheme for storing operating system software and software 
routines, and that various other storage schemes may be 
implemented. It will also be appreciated that the processor 
102 may be implemented using various other circuits, not just 
a programmable processor. For example, digital logic circuits 
and analog signal processing circuits could also be used. In 
this respect, the processor 102 may include or cooperate with 
any number of software programs (e.g., avionics display pro 
grams) or instructions designed to carry out various methods, 
process tasks, calculations, and control/display functions 
described below. 
The display device 104 is used to display various images 
and data, in a graphic, iconic, and a textual format, and to 
supply visual feedback to the pilot 108 and the co-pilot 112. 
It will be appreciated that the display device 104 may be 
implemented using any one of numerous known displays 
suitable for rendering graphic, iconic, and/or text data in a 
format viewable by the pilot 108 and co-pilot 112. Non 
limiting examples of such displays include various cathode 
ray tube (CRT) displays, and various ?at panel displays, such 
as various types of LCD (liquid crystal display), TFT (thin 
?lm transistor) displays, and OLED (organic light emitting 
diode) displays. The display may additionally be based on a 
panel mounted display, a HUD projection, or any known 
technology. In an exemplary embodiment, display device 104 
includes a panel display. It is further noted that the system 100 
couldbe implemented with more than one display device 104. 
For example, the system 100 could be implemented with two 
or more display devices 104. 
No matter the number or particular type of display that is 
used to implement the display device 104, it was noted above 
that the processor 102 is responsive to the various data it 
receives to render various images on the display device 104. 
The images that the processor 102 renders on the display 
device 104 will depend, for example, on the type of display 
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being implemented. For example, the display device 104 may 
implement one or more of a multi-function display (MFD), a 
three-dimensional MFD, a primary ?ight display (PFD), a 
synthetic vision system (SVS) display, a vertical situation 
display (VSD), a horizontal situation indicator (HSI), a tra?ic 
awareness and avoidance system (TAAS) display, a three 
dimensional TAAS display, just to name a few. Moreover, and 
as FIG. 1 depicts in phantom, the system 100 may be imple 
mented with multiple display devices 1 04, each of which may 
implement one or more these different, non-limiting displays. 
The display device 104 may also be implemented in an elec 
tronic ?ight bag (EFB) and, in some instance, some or all of 
the system 100 may be implemented in an EFB. 
The aircraft mission data source 109 may comprise one or 
more data source of various types, but in the depicted embodi 
ment it comprises various avionics systems. Some non-lim 
iting examples of avionics systems that may comprise the 
aircraft mission data source 109 include communication sys 
tems, navigation and guidance systems, ?ight management 
systems, sensors and indicators, weather systems, and various 
user interfaces to assist the pilot 108 and co-pilot 112 in 
implementing control, monitoring, communication, and 
navigation functions of the aircraft. 
The system 100 may also include one or more audio output 
devices 107, which may be variously implemented. No matter 
the speci?c implementation, each audio output device 107 is 
preferably in operable communication with the processor 
102. The processor 102, or other non-depicted circuits or 
devices, supplies analog audio signals to the output devices 
107. The audio devices 107, in response to the analog audio 
signals, generate audible sounds. The audible sounds may 
include speech (actual or synthetic) or generic sounds or 
tones associated with alerts and noti?cations. 
The sensors 106, which may be variously implemented, are 
con?gured to sense and supply physiological data, contextual 
data, and/or various other relevant data to the processor 102. 
The sensors 106 may be located on the body and/or clothing 
of the pilot 108 and co-pilot 112, embedded in the ?ight deck 
seats, and/or on one or more other devices (e.g., helmet, eye 
wear) worn by the pilot 108 and co-pilot 112. Alternatively, 
the sensors 106 may be disposed nearby the pilot 108 and 
co-pilot 112. 
It will be appreciated that the number and type of sensors 
106 may vary. Some non-limiting examples of suitable physi 
ological sensors 106 include an electroencephalogram (EEG) 
sensor, an electrocardiogram (ECG) sensor, an electrooculo 
gram (EOG) sensor, an impedance pneumogram (ZPG) sen 
sor, a galvanic skin response (GSR) sensor, a blood volume 
pulse (BVP) sensor, a respiration sensor, an electromyogram 
(EMG) sensor, a pupilometry sensor, a visual scanning sen 
sor, a blood oxygenation sensor, a blood pressure sensor, a 
skin and core body temperature sensor, a near-infrared optical 
brain imaging sensor, or any other device that can sense 
physiological changes in the pilot. 
The EEG sensors monitor the pilot’s and co-pilot’s brain 
wave activity by sensing electrical potential at the scalp. 
Measurements by the EEG sensors are categorized into fre 
quency bands, including delta, theta, alpha, and beta. For 
example, the delta band ranging from 1-4 HZ indicates a state 
of unconsciousness, the theta band ranging from 4-8 HZ indi 
cates a state of daydreaming, the alpha band ranging from 
8-13 HZ indicates an alert, but not mentally busy state, and the 
beta band ranging from 13-30 HZ indicates a state of higher 
thought process. Other frequency bands are possible. Based 
on the location of the EEG sensors, and the dominant frequen 
cies detected, EEG data may help evaluate the type and 
amount of mental activity of the pilot 108 and co-pilot 112. 
US 8,928,498 B2 
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For example, if there are signi?cant brain waves measured in 
the frontal brain, the pilot 108 or co-pilot 112 may be actively 
manipulating information within their working memory. As a 
result, the EEG sensors may be used to measure the cognitive 
state of the pilot 108 and co-pilot 112. 
Other physiological sensors mentioned above include 
ECG sensors, EOG sensors, ZPG sensors, GSR sensors, pupi 
lometry sensors, visual scanning sensors, blood oxygenation 
sensors, BVP sensors, EMG sensors, blood pressure sensors, 
and near-infrared optical brain imaging sensors. The ECG 
sensors measure heart rate by detecting electrical activity of 
the heart muscle. The EOG sensors measure eye movement 
by detecting electrical changes between the front and back of 
the eye as the eye moves. The ZPG sensors (or other type of 
respiration sensors) measure lung capacity and can be used to 
determine whether the pilot 108 or co-pilot 112 is having 
dif?culty breathing. The GSR sensors measure changes in 
conductivity of the skin caused by sweating and saturation of 
skin ducts prior to sweating. The pupilometry sensors mea 
sure pupil dilation to determine the level of engagement or 
interest in a task, or cognitive load of a task. The visual 
scanning sensors measure scanning behavior and dwell time 
to provide insight into visual attention. The blood oxygen 
ation sensors sense oxygen levels in the blood. The BVP 
sensors measure heart rate by detecting changes in blood 
volume at a given location of the body. The EMG sensors 
measure currents associated with muscle action. The near 
infrared optical brain imaging sensors measure brain func 
tion. 
The sensors 106 may additionally include an accelerom 
eter, an eye tracker, or any other device that can sense con 
textual data. The devices may be commercial off-the-shelf 
devices or custom designed. The accelerometers, if included, 
measure the rate at which an object is moving, the acoustic 
sensors, if included, measure the loudness and frequency of 
ambient sounds, and the eye trackers, if included, measure 
pupilometry and/or visual scanning behavior. Data from the 
accelerometers may be used to measure head movement such 
as yaw, pitch, and roll. Data from the eye trackers may be used 
to infer cognitive state from pupil dilation response and to 
infer visual attention indices from dwell time and scanning 
patterns. 
No matter the speci?c number and type of sensors 106 
used, each sensor 106 supplies data representative of the 
measured stimuli to the processor 102. It will be appreciated 
that the data may be transmitted to the processor 102 wire 
lessly or via hard-wired connections, and that the data may be 
modi?ed, prior to transmission, to format the data as needed. 
The processor 102, upon receipt of the sensor data, assesses 
the individual cognitive (e. g., workload and/or fatigue state) 
of both the pilot 108 and the co-pilot 112. It will be appreci 
ated that the pilot and co-pilot cognitive states may be 
assessed using any one of numerous known methods. An 
example of one particular methodology is disclosed in Us. 
Pat. No. 7,454,313, entitled “Hierarchical Workload Moni 
toring for Optimal Subordinate Tasking,” which is assigned to 
the assignee of the instant invention. 
Before proceeding further, it is noted that cognitive state 
may also be assessed from secondary (i.e. non-direct) 
sources, such as tracking response times to stimuli presenta 
tion (e.g. alerts) or performance on tasks. Moreover, the pro 
cessor 102 that is con?gured to determine cognitive states 
may be the same or differ from the processor that implements 
various other functions described herein. Although the same 
numeral is used to reference the processor that implements 
these additional functions, it will be appreciated that the 
processor may be one or more additional processors. 
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The processor 102 may, in some embodiments, addition 
ally be con?gured to estimate current and pending (or immi 
nent) task loads of the pilot 108 and co-pilot 112. These 
estimates may be derived from tracking pilot 108 and co-pilot 
112 interaction with system 100, directly sensing the task 
loads ofthe pilot 108 and co-pilot112 (e.g., via sensors 106), 
and/or from aircraft mission data supplied from the aircraft 
mission data source 1 09. For example, based on rough timing, 
system interaction record, and/ or spatial location, the proces 
sor can determine a rough estimate of where the current 
mission is on some nominal mission timeline. By reasoning 
on current and future task load, the processor can generate 
task sharing recommendations for the pilot 108 and co-pilot 
112 that are responsive to the current task context. 
The processor 102 may, at least in some embodiments, 
additionally be con?gured to compare the cognitive estimates 
for the pilot 108 and co-pilot112 and, based on analyses of the 
pilot 108 and co-pilot 112 current and pending (or imminent) 
tasks, provide suitable feedback. This feedback, which is 
preferably rendered on the display device 104, includes infor 
mation regarding the individual cognitive states of the pilot 
108 and co-pilot 112, and any recommendations for modify 
ing task assignments. For example, if the processor 102 deter 
mines that the pilot 108 (or co-pilot 112) has a lower cognitive 
state (e. g., lower workload and/ or lower fatigue state) than the 
co-pilot 112 (or pilot 108), the displayed feedback may 
include a recommendation that the co-pilot 112 (or pilot 108) 
perform speci?ed tasks that are normally performed by the 
pilot 108 (or co-pilot 112). In some instances this recommen 
dation may depend upon whether the crew member (pilot or 
co-pilot) that is assessed to have a higher cognitive state has 
more tasks to perform than the crew member that is assessed 
to have lower cognitive state. In some embodiments, the 
feedback may simply be an alert (visual, auditory, or both) of 
the other pilot’s relative workload. 
In preferred embodiments, the cognitive state of each pilot 
108, 112 is visible both to themselves and each other, so that 
each pilot 108, 112 will know when the other pilot’ s cognitive 
state is high. Preferably, the display 104 that communicates 
the cognitive state of the pilots 108, 112 is visible to both 
pilots 108, 112, and supports “at a glance” recognition of the 
cognitive states of both pilots. In some embodiments, the 
processor 102 is con?gured to command the display device 
104 to render cognitive state trends and/or history informa 
tion. As such, the system 100 may additionally include a 
memory storage device 103 for storing at least a portion of the 
cognitive state data. The memory storage device 103 may be 
integral to the processor 102 or separate therefrom. 
The manner in which the cognitive state of each pilot 108, 
112 is rendered on the display device may vary. In one 
embodiment, which is depicted in FIGS. 2-4, the cognitive 
state of each pilot 108, 112 is simultaneously rendered on 
either side of a timeline 202. In particular, the cognitive state 
204 of the pilot 108 is rendered as a graphic to the left of the 
timeline 202, and the cognitive state 206 of the co-pilot 112 is 
rendered as a graphic to the right of the timeline 202. In 
addition to rendering the cognitive states graphically, a tex 
tual representation of the pilot 108, 112 workloads is also 
rendered. Thus, in FIG. 2, the cognitive state of the pilot 108 
is estimated to be “HIGH,” whereas the cognitive state of the 
co-pilot 112 is estimated to be “MED” (or medium). How 
ever, as FIGS. 3 and 4 depict, the cognitive states of the pilot 
and co-pilot 108, 112 vary as time passes. 
It should be noted that the number of cognitive states that 
are estimated by the processor 102 may vary. For example, in 
the embodiment depicted in FIGS. 2-4, three cognitive state 
states are estimated (LOW, MED, HIGH). In other embodi 
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ments, less or more than this number of cognitive states may 
be estimated, and different labels associated with the cogni 
tive states may also be used. 
The processor 102 may implement various rules for gen 
erating noti?cations. For example, as is depicted in FIG. 5, 
one rule might be: if the cognitive state of the pilot 108 
(co-pilot 112) is high while that of the co-pilot 112 (pilot 108) 
is low (e.g., P1:HIGH AND P2:LOW), then alert the co 
pilot 112 (pilot 108) to the cognitive state of the pilot 108 
(co-pilot 112). Preferably a smoothing threshold is imple 
mented to determine what percentage of time within a time 
window the pilot 108 (or co-pilot 112) is in the HIGH state. 
For example, PilotISTATE if STATE>% AMOUNT for 
TIME_WINDOW where STATE:(LOW, MEDIUM, 
HIGH), % AMOUNTrpercentage of data that reads STATE, 
and TIME_WINDOW:amount of time to assess states to 
determine overall state (moving window). Such thresholds 
can be placed in a con?guration ?le to permit rapid testing and 
specifying different thresholds for different ?ight crews. An 
example of another rule might be: If (P1:HIGH and 
P2:HIGH), DO NOTHING. The rationale for this rule is to 
not disturb either pilot since they probably cannot do anything 
to help other pilot. 
In sum, the system 100 described herein estimates indi 
vidual pilot 108 and co-pilot 112 cognitive states, and pro 
vides feedback to the pilot 108 and co-pilot 112 regarding 
their respective cognitive states. The system 100 may also be 
con?gured, either selectively or continuously, to determine 
the current task load for both the pilot 108 and co-pilot 112 
and, using task model-based reasoning, generate one or more 
alerts and/or recommend a task-sharing scheme that would 
minimally disrupt current operations while balancing work 
load. The system 100 additionally provides, via the display 
device 104, awareness of the pilot’s and co-pilot’s activities 
and progress. 
The general methodology implemented in the ?ight crew 
workload management system 100 that was described above 
is depicted in ?owchart form in FIG. 6. For completeness, a 
description of this method 600 will now be provided. In doing 
so, it is noted that the parenthetical references refer to like 
numbered ?owchart blocks. 
The method 600 begins by assessing the cognitive state of 
each pilot (602). As noted above, the processor 102 is con 
?gured to implement this functionality by processing the 
sensor data supplied from the sensors 106. The processor 102 
is additionally con?gured to command the display device 104 
to render the cognitive states of each pilot 108, 112 (604). As 
noted above, the system 100 may, at least in some embodi 
ments, be additionally con?gured, either selectively or auto 
matically, to implement one or more additional functions. The 
embodiment depicted in FIG. 6 is for a system 100 that is 
con?gured to selectively implement these additional func 
tions. As such, the processor 102 is con?gured to determine if 
the additional functions (“task tracking”) (605) is present. If 
not, then the process 600 loops back. If so, then these addi 
tional functions are implemented. In particular, the processor 
102, based on the aircraft mission data from the aircraft 
mission data sources 106, assesses the current and imminent 
task loading of each pilot 108, 112 (606), compares the cog 
nitive state of each pilot 108, 112 (608), compares the current 
and imminent task loading of each pilot 108, 112 (612), and 
generates and displays task sharing recommendations to each 
pilot (614). 
The system and method described herein objectively mea 
sures and compares the cognitive states of pilots, and may 
additionally recommend task sharing, and/ or automate lower 
order tasks as necessary. The system and method acts as an 
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objective, non-threatening third party that determines and 
communicates the cognitive state of each pilot. By acting as 
an “honest broker,” the state assessment is better received and 
respected than if one crew member insinuates that another 
crew member is overloaded or drowsy. The system and 
method uses real time neurophysiology-based measures of 
workload and/or fatigue to compare the state of a two-person 
crew so that tasks can be delegated back and forth based on 
cognitive state. 
The various illustrative logical blocks, modules, and cir 
cuits described in connection with the embodiments dis 
closed herein may be implemented or performed with a gen 
eral purpose processor, a digital signal processor (DSP), an 
application speci?c integrated circuit (ASIC), a ?eld pro 
grammable gate array (FPGA) or other programmable logic 
device, discrete gate or transistor logic, discrete hardware 
components, or any combination thereof designed to perform 
the functions described herein. A general-purpose processor 
may be a microprocessor, but in the alternative, the processor 
may be any conventional processor, controller, microcontrol 
ler, or state machine. A processor may also be implemented as 
a combination of computing devices, e.g., a combination of a 
DSP and a microprocessor, a plurality of microprocessors, 
one or more microprocessors in conjunction with a DSP core, 
or any other such con?guration. The word “exemplary” is 
used exclusively herein to mean “serving as an example, 
instance, or illustration.” Any embodiment described herein 
as “exemplary” is not necessarily to be construed as preferred 
or advantageous over other embodiments. 
The steps of a method or algorithm described in connection 
with the embodiments disclosed herein may be embodied 
directly in hardware, in a software module executed by a 
processor, or in a combination of the two. A software module 
may reside in RAM memory, ?ash memory, ROM memory, 
EPROM memory, EEPROM memory, registers, hard disk, a 
removable disk, a CD-ROM, or any other form of storage 
medium known in the art. An exemplary storage medium is 
coupled to the processor such the processor can read infor 
mation from, and write information to, the storage medium. 
In the alternative, the storage medium may be integral to the 
processor. The processor and the storage medium may reside 
in an ASIC. The ASIC may reside in a user terminal. In the 
alternative, the processor and the storage medium may reside 
as discrete components in a user terminal. 
In this document, relational terms such as ?rst and second, 
and the like may be used solely to distinguish one entity or 
action from another entity or action without necessarily 
requiring or implying any actual such relationship or order 
between such entities or actions. Numerical ordinals such as 
“?rst,” “second,” “third,” etc. simply denote different singles 
of a plurality and do not imply any order or sequence unless 
speci?cally de?ned by the claim language. The sequence of 
the text in any of the claims does not imply that process steps 
must be performed in a temporal or logical order according to 
such sequence unless it is speci?cally de?ned by the language 
of the claim. The process steps may be interchanged in any 
order without departing from the scope of the invention as 
long as such an interchange does not contradict the claim 
language and is not logically nonsensical. 
Furthermore, depending on the context, words such as 
“connect” or “coupled to” used in describing a relationship 
between different elements do not imply that a direct physical 
connection must be made between these elements. For 
example, two elements may be connected to each other physi 
cally, electronically, logically, or in any other manner, 
through one or more additional elements. 
While at least one exemplary embodiment has been pre 
sented in the foregoing detailed description of the invention, 
it should be appreciated that a vast number of variations exist. 
US 8,928,498 B2 
It should also be appreciated that the exemplary embodiment 
or exemplary embodiments are only examples, and are not 
intended to limit the scope, applicability, or con?guration of 
the invention in any way. Rather, the foregoing detailed 
description will provide those skilled in the art with a conve 
nient road map for implementing an exemplary embodiment 
of the invention. It being understood that various changes 
may be made in the function and arrangement of elements 
described in an exemplary embodiment without departing 
from the scope of the invention. 
What is claimed is: 
1. A method for facilitating workload management, com 
prising the steps of: 
processing ?rst sensor data to estimate current cognitive 
state of a ?rst person; 
processing second sensor data to estimate current cognitive 
state of a second person; 
storing at least a portion of the estimates of the current 
cognitive state states of the ?rst person and the second 
person in a memory storage device; 
simultaneously rendering, on a display device, information 
representative of (i) the estimates of the current cogni 
tive states of the ?rst person and the second person and 
(ii) at least a portion of the stored estimates of the current 
cognitive state states of the ?rst person and the second 
person; 
processing aircraft mission data and the ?rst sensor data to 
estimate both current and imminent task loading of the 
?rst person; 
processing the aircraft mission data and the second sensor 
data to estimate both current and imminent task loading 
of the second person; 
comparing the estimates of the current and imminent task 
loadings of the ?rst and second persons; 
selectively generating task sharing recommendations 
based on the comparison of the estimates of the current 
and imminent task loadings; and 
rendering the selectively generated task sharing recom 
mendations on the display device. 
2. The method of claim 1, wherein the information repre 
sentative of at least a portion of the stored estimates of the 
current cognitive states of the ?rst person and the second 
person are rendered on the display device in a manner that 
depicts cognitive state histories of the ?rst and second person 
over a predetermined period of time. 
3. A ?ight crew workload management system, compris 
mg: 
a display device con?gured to render images; 
a ?rst plurality of workload sensors, each of the ?rst plu 
rality of workload sensors con?gured to (i) sense a 
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parameter representative of ?rst pilot workload level and 
(ii) supply ?rst sensor data representative thereof; 
a second plurality of workload sensors, each of the second 
plurality of workload sensors con?gured to (i) sense a 
parameter representative of second pilot workload level 
and (ii) supply second sensor data representative 
thereof; 
an aircraft mission data source con?gured to supply data 
representative of current aircraft mission; and 
a processor in operable communication with the display 
device and coupled to receive the ?rst sensor data, the 
second sensor data, and the aircraft mission data, the 
processor con?gured, upon receipt of these data, to: 
estimate current workload states of a ?rst pilot and of a 
second pilot, 
estimate current task loads of the ?rst and second pilots, 
estimate imminent task loading of the ?rst pilot, 
compare the estimates of the current task loads of the 
?rst and second pilots, 
compare the estimates of the imminent task loading of 
the ?rst and second pilots, 
selectively generate task sharing recommendations 
based on the comparison of the estimates of the cur 
rent task loads and the comparison of the imminent 
task loadings, and 
command the display device to simultaneously render 
information representative of the estimates of the cur 
rent workload states of the ?rst pilot and the second 
pilot, and the selectively generated task sharing rec 
ommendations. 
4. The system of claim 3, further comprising: 
a memory storage device in operable communication with 
the processor for storing at least a portion of the esti 
mates of the current workload cognitive states of the ?rst 
pilot and the second pilot, 
wherein the processor is further con?gured to command 
the display device to simultaneously render information 
representative of at least a portion of the stored estimates 
of the current cognitive states of the ?rst pilot and the 
second pilot. 
5. The system of claim 3, wherein the information repre 
sentative of at least a portion of the stored estimates of the 
current cognitive states of the ?rst pilot and the second pilot 
are rendered on the display device in a manner that depicts 
cognitive state histories of the ?rst and second pilot over a 
predetermined period of time. 
* * * * * 
